Abstract. Interpreting and responding to affective states of a user is crucial for future intelligent systems. Until recently, the role of sound in affective responses has been frequently ignored. This article provides a brief overview of the research targeting affective reactions to everyday, ecological sounds. This research shows that the subjective interpretation and meaning that listeners attribute to sound, the spatial dimension, or the interactions with other sensory modalities, are as important as the physical properties of sound in evoking an affective response. Situation appraisal and individual differences are also discussed as factors influencing the emotional reactions to auditory stimuli. A study with heartbeat sounds exemplifies some of the introduced ideas and research methodologies, and shows the potential of sound in inducing emotional states.
Introduction
Human communication is essentially emotional: most human interactions with the surrounding environment entail affective processes, a natural predisposition of our organism to feel either attraction or rejection towards the objects, people or even ideas involved in these interactions [1] . Emotions have a great impact on human behavior, since they influence processes such as perception, attention, learning, memory or decision-making [2] . The same mechanisms are activated in individual's interaction with all forms of media [3] . Thus, an efficient human-computer interaction (HCI) is highly dependant on the ability of computer-based applications to express emotions, interpret users' affective states and understand the role of external and internal influences on affective responses [4] .
The link between HCI and emotional reactions is becoming an important new research area. While relatively much research has addressed the relation between visual media content and affective reactions, research on the link between auditory form/content and emotions is an under-researched area. It is also well established that sounds evoke emotions and can provide affective information, perhaps more effectively than many other forms of information channels that are available to HCI designers and researchers [5] . In our everyday life, sound often elicits emotional reactions in the listener. People can be startled by the sudden sound of a door slamming or a thunder in a storm, annoyed by the noise of cars in the street, pleased by the sound of a water stream in the forest, tired after a full day of work in a noisy environment, etc. Nowadays, sounds are used in many HCI scenarios. For instance, auditory information/feedback in the form of earcones (abstract musical sounds) and auditory icons (a sound caricature of the intended action the user is supposed to take or has taken) are used in desktop computers and many other applications. In some systems (i.e. vehicles and working environments) sounds are used to convey different forms of alerts and warnings. Today, many of these signals have to be learned through statistical association between the sound going off and an event taking place. Designing sounds that immediately convey affective information (i.e. danger) and create an affective reaction (i.e. mild fear or anxiety) also helps facilitate correct action [6] .
If we consider that humans are continuously exposed to sound, both in real world and when interacting with many media applications, it seems surprising that so little is known about how users respond to affective auditory stimuli. Therefore, there is a great need for a theory, a systematic approach and a consensus for measuring human emotional responses to sound [7] . Understanding the role of sound in evoking human affective responses might improve our quality of life by helping to design spaces and media applications which are emotionally optimized.
This article provides some examples of the research targeting affective reactions to everyday sounds. Up to date, research in this area has been trying to connect physical sound properties and basic emotions [7] . However, it seems more meaningful to divide ongoing research on affective reactions to sounds into several main categories including: 1) physical determinants, 2) psychological determinants, 3) spatial determinants and 4) cross-modal determinants [8] .
Psychological determinants concern other variables related to subjective interpretation and meaning that should be considered because different sources evoke different subjective evaluations [9] (e.g. dog barking vs. rock music). Spatial determinants deal with the role of the auditory space in creating an emotional response (for instance, the barking dog will have different emotional effects if the spatial cues would suggest that the space is small versus big). Finally, cross-modal effects concern the relation between different modalities in producing an affective reaction [10] . While much research still is needed to fully understand the different determinants of affective reactions to different categories of sounds, we highlight these four categories in the presented case study. We show how reproduction parameters and meaning of sound, apart from physical features, can affect emotional experience.
Research on Affective Reactions to Sound
Frequently, emotional experience has been defined as either discrete feeling states or states that can be placed along dimensions of experience [7, 11] . The discrete approach assumes the existence of a limited number of fundamental emotions [12] which are universal, survival-related, spontaneous, uncontrollable, not necessarily consciously perceived [13] and combinable to form other more complex emotions.
